SUMMARY Short term immobilisation (seven days) of an antigen induced arthritic knee joint of the mouse led to attachment of polymorphonuclear leucocytes to the cartilage surface and severe cartilage damage. The events at the patellar cartilage surface were studied by scanning electron microscopy and compared with the changes found in non-immobilised arthritic joints. At day 7 the immobilised arthritic joint showed an articular cartilage which was covered by a mat of fibrinous material and cell remnants. Moreover, inflammatory cells, clearly attached to the cartilage, showed large protrusions of their membranes. The cartilage surface, furthermore, showed numerous fissures of varying size and depth. These cartilage changes were much more pronounced in immobilised arthritic joints than in non-immobilised arthritic joints, and clear cell adhesion was exclusively found in the former. These findings show that immobilisation of inflamed mouse knee joints leads to increased damage and thus although clinical immobilisation is used to relieve pain, this may also risk damage to the articular cartilage. 
Joints of patients with rheumatoid arthritis are sometimes immobilised to relieve pain during an exacerbation. Published reports do not indicate whether short term immobilisation ameliorates cartilage damage or causes deterioration. In rheumatoid arthritis, cartilage damage is often observed. The part played by polymorphonuclear cells (PMNs) tised with chloral hydrate, killed by cervical dislocation, and, additionally, the patella was dissected from the arthritic joint for scanning electron microscopy. For comparison, patellae were taken from arthritic and control joints immobilised for seven days.
SCANNING ELECTRON MICROSCOPY
Patellae dissected from immobilised and nonimmobilised arthritic joints were fixed in 2% glutaraldehyde in 0-1 M phosphate buffer pH 7-4 for two hours at room temperature. Subsequently the patellae were washed. After washing, the patellae with surrounding tissue were fixed in 1% osmium tetroxide in 0.1 M phosphate buffer for one hour and subsequently washed. In addition, the patellae were dehydrated in ethanol(30, 50, 70, 96, and 100%), dried to the critical point (Balzers Union, M9202), and sputtered with gold using a Balzers Union sputter apparatus (type TpgO31). The patellae were examined with a scanning electron microscope (JSM-U3 or JSM-T300).
Results

EFFECT OF IMMOBILISATION ON NORMAL
JOINTS
Patellae derived from normal mouse knee joints immobilised for seven days showed some fissuring of the cartilage surface, which was more pronounced than in the patellae of non-immobilised knee joints (Fig. 1) . Protrusions of the synovial membrane extending to the cartilage surface were not observed.
ARTHRITIC CARTILAGE
After intra-articular injection of cationic bovine serum albumin a severe arthritis developed, macroscopically characterised by erythema and oedema.
Over a period of time (1, 3, 7 , and 14 days after arthritis induction) we examined the subsequent changes of the cartilage surface and synovial margins. Scanning electron micrographs showed hypertrophy in the acute phase and after seven days necrosis of the synovial lining cells. The synovialcartilage junction was the preferential site of severe arthritic activity and gross changes in cartilage appearance (Fig. 2a) . At this site many inflammatory cells, mainly PMNs (histological observations15), were present in the thickened synovial membrane one and three days after arthritis induction. After 14 days less cells were observed in this area. Detritus, probably disrupted cell remnants, was seen as part of an irregular meshwork of fibrinous material spreading out over the patellar surface. This mesh- 
The patellar surface showed generalised irregularities, again mainly concentrated at the peripheral regions (Figs 2a and 2b) . At higher magnifications numerous fissures of varying size and depth were seen. Size and depth of these fissures increased with time. The collagenous network of the cartilage matrix was clearly denuded after 14 days (Fig. 2c) . Rope-like fibres extended across the cartilage surface in contrast with the smooth surface of normal cartilage (Fig. 1) material extending from the synovial membrane (Fig. 3a) . At higher magnification it appeared to be an extensive network of fibres in which probably cellular debris and intact leucocytes were present in large amounts. The leucocytes which covered the cartilage surface showed marked variations in cell Fig. 4 (Figs 3b and c) .
Scanning micrographs of cross sections of immobilised arthritic patellae showed that the cells were in close proximity to the cartilage surface (Fig.  4) . Clear penetrations of membrane protrusions in the damaged cartilage matrix were hardly seen. The surface of the patellar cartilage derived from immobilised arthritic joints appeared to be more eroded than cartilage from non-immobilised arthritic joints. In particular, fissures in the cartilage surface were more pronounced.
Extensive attachment of leucocytes and increased damage were not limited to patellar cartilage but were also observed by light microscopy with tibial and femoral articular cartilage (unpublished results).
Discussion
In this study mouse patellae exposed to a chronic immune inflammatory reaction showed provoked damage of the cartilage surface with increasing time. More damage was induced in arthritic joints immobilised for a short time than in non-immobilised joints, and attachment of large amounts of inflammatory cells to the cartilage surface was evident.
Articular cartilage in rheumatoid arthritis undergoes erosion both at the synovium-cartilage junction and on the free surface of the cartilage. Erosions of the free cartilage surface were also observed in our model. These features were more pronounced in the chronic phase than in the acute phase. The collagen network was clearly denuded already one week after the start of the arthritis. Probably, depletion of proteoglycans, which is obvious in this model," uncovers the collagen fibres.
At the moment there is no general agreement about the part played by PMNs in cartilage destruction, some investigators suggesting that their role is only minor. Evidence was found that the destructive potential was mainly derived from fibroblast-like pannus cells which overgrow the cartilage surface from the margins. Factors like collagenase' or interleukin 12 could be potential candidates. Others, however, suggest that especially away from pannus PMNs may play a major part in cartilage destruction. A clear morphological relation was found between cartilage destruction and PMN presence.3 4 In rheumatoid arthritis PMNs are a consistent and major cellular constituent of the inflammatory effusion, and deleterious changes in the hyaline cartilage surfaces may be due to PMN interaction. Elastase released by the PMNs may be an important denominator for cartilage destruction. 5 Normal PMNs have been shown to be focused to cartilage and become phagocytically active if added to cartilage derived from an antigen induced arthritic joint or rheumatoid arthritis cartilaginous tissues.8 9 Despite the potential importance of cartilage damage caused by interaction of PMNs with cartilage surfaces, no This study clearly indicates that the pronounced interaction between inflammatory cells and articular collagenous tissues occurs at times of rest. This interaction may lead to increased damage of the articular cartilage. A light microscopic study, in which arthritic joints were immobilised for five and seven days, showed apart from PMN attachment significantly more matrix degradation, whereas two weeks after removing the cast more chondrocyte death and osteophyte formation was observed (manuscript in preparation). Immobilisation of an arthritic joint is used in hospital to relieve pain, but these studies suggest that further assessment should be made of its effects, which may at the same time be potentially damaging to the articular cartilage. 
